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京都大学理学研究科　講師
What would be a “cool” experiment for high school students that 
can demonstrate sophisticated physical concepts, and yet take only 2 
to 3 hours to complete? That was what I first asked myself when I 
was assigned to lead a physics experiment for ELCAS. An experiment 
associated with a famous scientist might just pique the interest of high 
school students. Albert Einstein is very popular in Japan, so he was an 
obvious choice. His achievements span such a wide variety of areas 
that one would never run out of things to talk to students about. Even 
some physicists are not aware of some of his less well-known accom-
plishments. 
Now, which Einstein-related topic should I pick for the experiment 
in question? The photoelectric effect is what landed him the Nobel 
Prize, but we can only do boring experiments on it with the equip-
ment available, so I ruled that out. The theory of relativity is another 
of Einstein’s well-known achievements, but it is not a great topic for 
experiments. Students can get a feel for relativity by measuring the 
speed of light, or confirming principle of constancy of light velocity, 
but that is not much of a hands-on experiment. Einstein also discov-
ered stimulated emission, which forms the basis of lasers that are ubiq-
uitous in information and communication equipment. This discovery 
was as groundbreaking as what are considered Einstein’s three greatest 
discoveries! Finally, there is Brownian motion. This should be perfect 
because it is a well-known phenomenon that can be observed with the 
equipment available.
Simply observing Brownian motion is fun, but a proper experiment 
requires an objective. What is a physical concept that high school stu-
dents know of that can be determined from observing Brownian mo-
tion? My answer is Avogadro’s number. Perrin was the first name that 
came to mind for determining Avogadro’s number, and I found that 
he conducted 13 different types of experiments to determine the val-
ue. These experiments, although amazing, are not suitable for a high 
school level lab experiment. I decided to implement a simpler ver-
sion of the experiment which involves tracking a particle undergoing 
Brownian motion and measuring the distance that it travels.
The experiment started with the observation of the motion of 1 µm–
diameter glass beads with a microscope used for actual research. Fig. 
1 shows a photo of students gathered around the microscope. From 
my experience, about one in ten people have trouble looking through 
binocular eyepieces with both eyes, but with recent advances in digital 
cameras, it is now easy to make observations using a monitor as well. 
I asked the students to take turns observing Brownian motion using 
either method. With only one microscope available, the students may 
14
トピックス
have gotten restless as they awaited their turn.
The second part of the experiment involved tracking particle motion 
by analyzing microscopy images as shown in Fig. 2. In actual research, 
this procedure would be conducted directly on the image data using a 
computer, but I wanted the students to use a ruler and calculator to do 
the same analysis and thereby learn the underlying principles. There-
fore, I extracted one image per second from pre-recorded videos made 
using the microscope and printed them in advance, much like for the 
Japanese TV show “Three-Minute Cooking,” where a lot of prepara-
tion is done beforehand to fit the show into a short time frame. The ac-
quisition time and a length scale were indicated on each image so that 
the students could determine the time evolution of a particle’s position. 
Each student was given a different set of sequential images of differ-
ent particles taken at different times. With every student analyzing a 
different set of data, errors can be averaged to make a more accurate 
determination of Avogadro’s number. These errors include systematic 
errors arising from variations in particle size and individual differences 
in manner of reading a length scale, and random errors, such as those 
arising from measuring distances with a ruler and inherent variation 
in random motion. The final value that we obtained was 6.58 × 1023, 
which differs from the standard value by about 9%. Given the fact 
that the particle size varies by several percent, this is a surprisingly 
accurate result. Frankly, I did not expect to achieve such high accuracy. 
The first value for Avogadro’s number that we calculated was exact-
ly half of the value mentioned above. This was due to either a couple 
of issues in the lab manual. Firstly, the theoretical calculations in the 
manual were specifically for 1D motion, whereas in the experiment, 
we calculated 2D distances from images using x, y coordinates. This 
affects the calculation by a factor of 2. If you consider an isosceles right 
triangle, the lengths of the sides are in the ratio of 1:1: . Secondly, I 
oversimplified the explanation in one part and made a mistake. When I 
deleted a section on probability distribution, I forgot to include a factor 
of 2 to maintain consistency. I was sincerely impressed by the compre-
hension and critical thinking skills of the ELCAS students as they 
asked pointed questions regarding these issues. I sincerely hope that 
they will continue to be critical thinkers as they advance in their studies.
Last but not least, I would like to thank the teaching assistants, 
Kubo, Ohmura, and Eto, for setting up the experiment, preparing the 




























Fig.1. Students making observations with a microscope. 
The images can be saved as videos on a computer.
図１．顕微鏡で観察した様子。顕微鏡の観察像は
パソコンに動画として保存できる。
Fig.2. Students analyzing data. Since they are from different schools, I thought 
that this would be a great cooperative exercise to obtain a single accurate value.
図２．皆で解析する様子。それぞれ異なる学校から集った状況なので、皆
で協力する事で精度の良い一つの値を出すという作業を狙ってみた。
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